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Abstract: Surface waveguides (SWGs) are a class of open-boundary structures with the 
capability of guiding surface waves which are intimately bound to the surface of the structure[1]. 
One of the most commonly occurring type is the planar structures consisting of periodic sub- 
wavelength elements. Due to the capability of controlling the propagation path of surface waves 
(SWs), SWGs have been employed for the applications of electromagnetic scattering alteration, 
cloaking, absorbing, as well as antenna applications in the terms of modulated reactance surfaces, 
holographic surfaces and lenses. 

An SWG structure supports SWs that are polarized in a transverse electric (TE) mode, a 
transverse magnetic (TM) mode, or a combination of a TM and a TE mode depending on the 
geometric structure of the surfaces[2]. SWG structures that support dominantly TM mode or TE 
mode have been studied for years and employed to design holographic surfaces for applications 
like leaky-wave radiation and field focusing. However, these structures are sensitive to the 
polarization and therefore limitations exist due to such polarization sensitivities. For example, it is 
challenge to get a centrally symmetric focused field when illuminated by a horizontally polarized 
field [3]. For holographic antennas, a narrow symmetric beam 1s also hard to achieve when excited 
by a horizontally polarized field. As a result, the aperture efficiency is reduced. Therefore, one 
significant challenge is to make a SWG structure that is insensitive to the polarization of given 
fields. 

In this abstract, we introduce two kinds of SWG topologies that can support both TM and TE 
modes with the same phase velocity [4]. The proposed SWG structures are constructed by a 
double-layer FSS. The top- and bottom-layer FSS of the first class SWG are formed by the 
isotropic periodic elements. The two layers can dominantly support TM mode and TE mode, 
respectively. For the second type of SWG topology, the top and the bottom layers have the same 
geometry and are rotated 90° with respect to the normal direction of the surface. In terms of the 
configuration of the each layer, the conducting strips are continuous in one direction and 
discontinuous in the other orthotropic direction. Therefore, for a single layer, it dominantly 
supports TM mode in one direction and TE in the orthotropic direction. In particular, a loop-wire 


configuration and a modified Bow-Tie-like configuration are designed and analyzed to represent 
the two kinds of topologies. It is demonstrated that the two types of SWG structures can support 
both TM and TE modes by virtue of simulation and measurement. 
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si 
Surface waveguides (SWG) are a class of open-boundary structures with 


the capability of guiding surface waves (SWs), which are intimately bound 
to the surface of the structure. One of the most commonly studied type 1s 


the planar structures consisting of periodic subwavelength elements. 
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Typical dispersion curves of SWG For a geometrically self-complementary SWG, TM mode is dominantly 


supported when the vertexes are connected, and TE mode otherwise. 


SWG structures these structures are generally sensitive to the polarization direction (Support a 
dominant TM or TE mode) and therefore limitations exist due to such polarization sensitivities. 


Therefore, one significant challenge is to create a SWG structure that is insensitive to polarization 
(support both TM and TE modes with the same phase velocity). 
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(a) (b) 
Fig. Equivalent transmission line for transverse resonance analysis. (a) Infinite large SWG 


impedance sheet placed in the free space. (b) Transmission-line model for the SWG. 
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The SW field on an SWG is characterized by an exponential decay e away from the surface 


and having the usual propagation function e~/***. Here, ka = k; — Ne”, ko > 0 and kọ is 
the wave number in the free space above the surface. 
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According to the transverse resonance condition: 


(Zo)tm + (Zsneet) * + (Zo)rm = 0 (Zo) FE + (Zoneet) 1 + (Z0) 74 = 0 
i TM mode i TE mode 
AND 
k © ko 
Z sheet — Zin A Z sheet = =h o 
ko k20 


= Conclusion: In order to support a TM mode propagation along an SWG structure, the surface 


impedance should have inductive reactive term. By the same manner, in order to support a TE 
surface wave, the reactive part of the surface impedance must be capacitive. 
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=] 
Three typical FSS elements supportine TE modes 

















TE-type FSS 



































(a) square patch (b) square loop (c) Jerusalem cross 


Three typical ESS elements supporting TM modes 








TM-type FSS 


Topology configuration: 
Combination of a TE-type FSS 
and a TM-type FSS 





(a) grid (b) ring slot (c) ground 
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Loop-Wire Unit Cell Design 


Top layer: Loops 





Bottom layer: Wire Grid 


(a) (b) 


Fig. Loop-wire unit cell and a small portion of its SWG. (a) Loop-wire unit cell geometry. (b) SWG 
consisting of the loop array on one side and wire grid on the other side. 
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(a) (b) 


Fig. Photograph of a session of the finite-size surface. (a) Top side: loop FSS. (b) Bottom side: wire-grid FSS. 
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Field Measurements 
D 
(a) (b) 


Fig. Near field measurement setup for (a) TM Fig. (a) Measured E, . (b) Measured E, . 
mode and (b) TE mode. 
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= By implementing the fast Fourier transform algorithm (FFT) to the measured fields for both TM 





and TE wavenumber calculations. 
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Dispersion Diagram 
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Fig. Simulated and measured dispersion diagram of the loop-wire unit cell. 


= The dispersion curves of the TM mode and TE mode overlap around 18 GHz, which means TM 
mode and TE mode have the same phase velocity. 
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For an array of continuous, conducting narrow strips, the impedance is either inductive 
(responsible for the TM mode) or capacitive (responsible for the TE mode), depending on 
whether the incident wave is polarized parallel to or perpendicular to the edges of the strips, 
respectively 


Topology configuration: 


consisting of two layers. For the top layer, there are 

Conducting strips gaps in one direction and continuous conducting 
strips in the orthogonal direction. The bottom layer is 
created from a 90° rotation of the top layer. 
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Unit Cell Configuration 
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Unit cell configuration Example of its dispersion curves; TE and TM modes overlap 


Different unit-cell shapes can be created based on this topology: 





Step-like unit cell 


Bow-tie-like unit cell 
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Modified Bow-Tie-Like Unit Cell Design 
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The central metal strip was replaced by twin wires separated with a distance of d, = 1.2 mm. 


The modified bow-tie structure exhibits better performance, because the two modes have almost the same 
phase velocity over a broad bandwidth than that of the bow-tie-like structure. 
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Parameter Analysis 
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Fig. Dispersion curves with different d,. (a) d,= 0.8 mm. (b) d, = 2 mm. 


The spacing between the twin wires (d,) has a great effect on its dispersion property. 
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Fig. Photograph of a session of the finite-size surface. (a) Top side. (b) Bottom side. 
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Measured Results 
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Fig. Simulated and measured dispersion 
(b) diagram of the loop-wire unit cell. 

Fig. Near field measurement setup for (a) TM mode and (b) TE mode. 








= The dispersion curves of the TM mode and TE mode overlap around 18 GHz, which means TM 
mode and TE mode have the same phase velocity. 
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Effects of Lattice Types on Dispersion Curve 


A 2-D square and hexagonal lattices are two commonly seen lattice types: 





(a) (b) 


Fig. Lattice types and their Brillouin zones. (a) Square lattice. (b) Hexagonal lattice. 
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Square lattices 


Top layer: Loops 
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Fig. Dispersion diagram of the first two modes of the loop-wire SWG with square lattice. The sub-graph 
indicates the dispersion curves along the x-direction and the 45° direction. 


The dispersion curves in the two directions are aligned with each other in the low frequency range. 
However, with the increase of frequency, the discrepancy deteriorates. As a result, the dispersion 


curves of the loop-wire SWG with square lattice exhibit great discrepancy when the SWs propagate 
in different directions along the SWG surface. 
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Hexagonal lattices 





(a) (b) 


Fig. Hexagonal loop-wire unit supercell and its SWG configuration with hexagonal lattice. (a) 
Hexagonal loop-wire unit. (b) Portion of SWG with hexagonal lattice 
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Fig. Dispersion diagram of the first two modes of the loop-wire SWG with hexagonal lattice. 
The sub-graph indicates the dispersion curves along the y-direction and the 60° direction. 


= Conclusion: The proposed hexagonal loop-wire SWG with hexagonal lattice exhibits almost the 
Same dispersion curves when SWs propagate in different directions of the surface. Therefore, 


SWGs with hexagonal lattice exhibit better performance in the aspect of dispersion property than 
those with square lattice . 
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% Two SWG topologies are found to have the property of supporting both TM mode 
and TE mode with the same phase velocity. 


% The first type consists of two FSS layers whose dominant modes are TM mode 
and TE mode, respectively. 


“* The second type is composed of two layers and the bottom layer comes from a 
90° rotation from the top layer. For each layer, there are gaps in one direction and 
continuous conducting strips in the orthogonal direction. 


% Loop-wire SWG and modified bow-tie-like SWG structures are investigated for 
illustration. 


% The effects of lattice types on dispersion diagrams are analyzed. 
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